This study aimed to examine whether worsening of postural deformities is seen in Parkinson's disease (PD) patients who exhibit the behavioral disorders punding or hobbyism (P-H), which involve maintaining the same poor posture. The subjects were 80 patients with PD (aged 73.1 ± 8.8 years; duration of disease, 6.4 ± 5.5 years). Using the Japanese-language version of the Questionnaire for ImpulsiveCompulsive Disorders in Parkinson's Disease (J-QUIP), a group with P-H alone (P-H only group) and a group without impulsive-compulsive behaviors (non-ICB group) were compared with respect to the angles of forward and lateral trunk flexion while standing at rest. The group with ICBs (ICB group) identified by the J-QUIP consisted of 36 patients (45.0%). Of these, 25 (31.3%) were in the P-H only group. The non-ICB group, who were negative on all items of the J-QUIP, consisted of 44 patients (55.0%). Significantly higher values were seen in the P-H only group compared with non-ICB group for the angle of forward flexion of the trunk (FFT angle, p = 0.04), Unified Parkinson's Disease Rating Scale (UPDRS) part II score (p = 0.002), and UPDRS total score (p = 0.007). The FFT angle was increased and activities of daily living decreased in PD patients with P-H.
Introduction
Patients in the advanced stage of PD show postural deformities that reduce their ability to perform activities of daily living (ADL) [1] . These deformities are resistant to anti-Parkinson's drugs, which makes them symptoms that are difficult to treat [2, 3] . Non-motor symptoms have also been reported as a problem that reduces the ability to perform ADL in advanced PD [4] [5] [6] [7] , and impulsive-compulsive behaviors (ICBs) are a contributing factor in this [8] . The ICBs are classified as impulse control disorders (ICDs), which include pathological gambling, increased libido, compulsive buying, and compulsive overeating; dopamine dysregulation syndrome (DDS); punding; hobbyism; and walkabout [9, 10] . ICBs occur in at least 20% of patients with advanced PD [11] , and punding is seen in 14% of PD patients receiving a levodopa equivalent dose (LED) of 800 mg/day or higher [12] . In situations where motor complications emerge with long-term levodopa therapy, cognitive impairment, autonomic neuropathy, and sensory disturbance are seen. Other ICBs include types in which anxiety and depressive symptoms emerge and problematic behavioral, sleep, and psychiatric symptoms [13] . We also have encountered patients with postural deformities who exhibited forms of punding that involved tidying or weeding in a bent-over posture for long periods and hobbyism in which the patient engaged in a hobby while sitting asymmetrically on the floor for long periods.
However, there have been no reports indicating that punding and hobbyism play a direct role in worsening postural deformities. The purpose of this study was to examine whether punding and hobbyism in PD patients, contribute to worsening of postural deformities.
Methods

Subjects
The subjects were PD patients who underwent outpatient rehabilitation between November 2016 and January 2017 and met the following inclusion criteria: 1) underwent rehabilitation at least once in 2 months; 2) consented to Parkinson's disease evaluations performed in routine care; and 3) Stage II to IV on the modified Hoehn and Yahr (H-Y) scale. The exclusion criteria were as follows: lower; 2) severe ''wearing off" (75% of waking hours); 3) severe psychiatric or autonomic symptoms; 4) difficulty remaining in a standing position for more than 10 min; and 5) trunk extension range of motion of 5°. This study was approved by the clinical studies committee of the Primary Care Association (Primary Care Association approval number 2017-006). When they were enrolled in the study, all subjects received a written explanation of the study, and their participation began after they signed a consent form.
Evaluation of punding and hobbyism
Punding and hobbyism were evaluated using the Japaneselanguage version of the Questionnaire for Impulsive-Compulsive Disorders in Parkinson's Disease (J-QUIP), which is used as a screening assessment for ICBs [14, 15] . The J-QUIP consists of questions concerning ICDs (items A, B, C, and D), hobbyism (item E-1), punding (item E-2), walkabout (WA, item E-3), and DDS (items F-1 and F-2). To examine the effects of punding and hobbyism (P-H) alone, which was the objective of the study, subjects were classified as described below, in accordance with the method of Weintraub et al. [9] , and a group with P-H alone (P-H only group) and no concomitant ICDs, WA, or DDS was extracted. Patients in the ICB group were defined as those for whom at least 1 J-QUIP assessment item was applicable, and patients in the non-ICB group were defined as those for whom none of the items was applicable. The P-H group consisted of patients to whom either or both of items E-1 and E-2, which concerned the ICBs punding and hobbyism, applied. The ICD group comprised patients to whom at least 1 of items A, B, C, and D applied. The WA group consisted of patients to whom item E-3 applied. The DDS group was defined as those patients to whom either item F-1 or F-2 (or both) applied. Of the patients with P-H, those without an ICD, WA, and DDS were classified as being in the P-H only group.
Measurement of trunk forward and lateral flexion angles
The angles of forward flexion of the trunk (FFT) and lateral flexion of the trunk (LFT) were measured with the patient standing at rest by attaching markers at the 7th cervical and 4th lumbar vertebrae and taking still photographs. The captured still images were imported into the free image-processing software Image J (https://imagej.nih.gov/ij/index.html) for measurement (Fig. 1a) .
The FFT and LFT angles, which were postural measurement variables in this study, were determined as the angle between a vertical line running through the 4th lumbar vertebra (L4) to the floor and the actual trunk line, which connected the 7th cervical vertebra (C7) and L4 (Fig. 1b, c) [16] . A clinical assessment was performed using the H-Y scale and parts I to IV of the Unified Parkinson's Disease Rating Scale (UPDRS). Cognitive function was evaluated using the MMSE, and frontal lobe function was assessed using the Frontal Assessment Battery (FAB).
Statistical analyses
The results are expressed as means ± SD. Quantitative variables were compared across 2 groups using the Mann-Whitney U test, and qualitative variables were compared using the chi-squared test. Factors associated with P-H were determined as covariates by logistic regression analysis adjusted for age and sex. Using the median FFT angle in the non-ICB group (11°) as the cutoff, the P-H only group and non-ICB group were each divided in 2 groups. The LFT angles in the resulting 4 groups were compared by ANOVA, and significant between-group differences were determined in post hoc tests by Bonferroni correction. Discriminant validity was determined by receiver operating characteristic (ROC) analysis. The statistical software used was SPSS version 21. A p-value of less than 0.05 was considered significant.
Results
Eighty patients were enrolled during the study period (36 males, 44 females; mean age, 73.1 ± 8.8 years; mean duration of disease, 6.4 ± 5.5 years). A breakdown of the 80 patients is shown in Fig. 2 . Thirty-six patients (45.0%) exhibited ICBs, of whom 33 (41.3%) exhibited P-H, 11 (13.8%) had an ICD, 0 exhibited WA, and 1 (1.3%) had DDS. Of the 33 patients who exhibited P-H, 25 were in the P-H only group (no concomitant ICDs, WA, or DDS). Twelve were positive for punding, 16 were positive for hobbyism, and 3 were positive for both. On the other hand, 44 patients (55.0%) were in the non-ICB group.
The clinical features of the ICB and non-ICB groups are shown in Table 1 . As compared with the non-ICB group, the ICB group had significantly higher values for the LED (p = 0.036), H-Y (p = 0.043), parts I (p = 0.04), II (p = 0.0002), and III (p = 0.03) of the UPDRS score, and the total UPDRS score (p = 0.0008, Table 1 ). The clinical features of the P-H only and non-ICB groups are shown in Table 2 . As compared with the non-ICB group, the P-H only group had significantly higher values for FFT (p = 0.04), part II of the UPDRS score (p = 0.002), and the total UPDRS score (p = 0.007, Table 2 ). Fig. 3 shows the results of the comparison of the LFT angle in the P-H only and non-ICB groups that were divided into 2 groups each on either side of the cutoff value of 11°, which was the median FFT angle in the non-ICB group. The LFT angle in the P-H only group with an FFT angle >11°was 9.9 ± 8.8°, significantly greater than the LFT angle of 2.9 ± 1.8°seen in the non-ICB group with an FFT angle 11°(p = 0.003, Fig. 3) .
Logistic regression analysis using duration of morbidity, the LED, DA dosing rate, H-Y stage, FFT, LFT, and the scores on parts II and III of the UPDRS as factors related to P-H and correcting for age and sex showed the score on part II of the UPDRS to be a significant independent factor (p = 0.002, Table 3 
Discussion
To determine whether punding and hobbyism in PD patients, contribute to worsening of postural deformities, this study examined the relationship between the presence or absence of ICBs, including P-H, and a PD clinical evaluation that included a postural assessment. ICBs were seen in 36 of the 80 PD patients in the study. P-H was the most frequent ICB, observed in 41.3% of the PD patients. In previous studies, punding frequencies of 1.49% [17] , 2.1% [18] , 4.2% [19] , 6.7% [20] , and 14.0% [12] and a P-H frequency of 20.0% [21] were reported. Thus, there has been variability in the frequencies reported. It has been surmised that this variability is attributable to the different evaluation methods used in the studies and the concealment of symptoms by patients [15] . The results of the present study may indicate that the frequency of P-H in PD patients is higher than previously reported.
Although no significant differences in the postural variables were seen between the ICB group and the non-ICB group in the present study, the FFT angle in the P-H only group, 22.6 ± 17.1°, was approximately 8°worse than in the non-ICB group. No significant difference in the LFT angle was seen according to the presence or absence of P-H. Consequently, forward flexion was classified as mild or severe using a cutoff of 11°, which was the median forward flexion angle in the non-ICB group, and the angles in the P-H only and non-ICB groups were compared. The results showed that the LFT angle was approximately 7°worse in the P-H only group with severe FFT than in the non-ICB group with mild FFT. This is the first study to show quantitative abnormalities of the forward and lateral flexion angles of the trunk due to the presence of P-H. During P-H and other stereotyped behaviors, the dorsal striatum becomes overactive [22] , and it has been surmised that this results in dysfunction of the frontal orbital gyrus in punding [23, 24] . Overactivity of the dorsal striatum and dysfunction of the frontal orbital gyrus have not been demonstrated to play a role in postural deformities, and future studies of these topics are anticipated. Factors that have been reported to play a role in postural deformities in PD patients with P-H are the effects of the same poor posture associated with immersion in an activity for long periods and a reduction in sleep duration of approximately 2 h in a group that exhibited punding (3.6 h of sleep) compared with a group that did not [12] . It has therefore been surmised that the postural deformities are a result of such disruptions of life rhythms and long periods of immersion in activities. The UPDRS part II score was 11.6 ± 6.3 points in the ICB group and 10.8 ± 5.7 points in the P-H only group. Both of these scores were approximately 5 points worse than the score in the non-ICB group (6.4 ± 4.1 points). Moreover, in the logistic regression analysis, the UPDRS part II score was identified as an independent factor associated with P-H (p = 0.002). With regard to the relationship between ICBs and ADLs, significantly worse UPDRS part II scores were reported in a group with ICBs [25] , and impulse control and related disorders (ICRDs) and duration of morbidity were reported to be factors in the worsening of the UPDRS part II score identified by multiple regression analysis [8] . Similar results were also obtained in the present study.
On the other hand, although significant differences in the LED and H-Y stage were seen between the ICB and non-ICB groups, there were no significant differences in the LED and H-Y stage between the P-H only and non-ICB groups. A possible factor in this is that, although a decrease in the ability to perform ADLs is typically seen as the LED increases with the longer duration of disease or advanced H-Y stage classification, the findings for PD patients with P-H may have reflected a decreased ability to perform ADLs that resulted from a progression process that differs from the typical mechanism. These results indicate that, in addition to evaluating ICBs as a whole, it would be meaningful to check for the presence of P-H, which is suggested in patients with postural deformities, and provide early intervention in the form of life guidance. Although P-H comprises a great variety of activities [12, 14] , the specific types of activities involved were not determined in this study. In addition to performing a quantitative evaluation of P-H, checking for specific P-H activities associated with worsening of postural deformities in the future may serve as a useful new assessment in the clinical setting.
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